fluoroionophore 2 which exhibited an emission ratio response with high Na+ selectivity in 80% 1,4-dioxane-20% water (v/v). [9] It was found that proton dissociation of the carboxamide moiety in 2 was promoted by Na+ binding, which resulted in an efficient ratiometric emission due to internal charge transfer (ICT) from the donor carboxamide anion to the pyrene acceptor (Fig. 1) . Thus the pyrenecarboxamide fluorophore is expected to function as an efficient ratiometric transducer for metal ion sensing in aqueous samples.
Based upon the above concept, we have designed a novel cyclam-based Zn2+ fluoroionophore 1 Figure 2 shows the fluorescence spectra of 1
(1.0x10-6M) dissolved in 1% 1,4-dioxane-99% water (v/v) at pH 5.6 in the absence (line 1) and in the presence of 1.0 mM Zn2+ (line 2). The fluorescence band with a vibronic structure appearing at 360-460 nm is assigned to the monomer emission of pyrene fluorophore. It is evident that the monomer fluorescence intensity of 1 is strongly intensified by addition of Zn2+. This is an unexpected result because we anticipated the appearance of ICT emission at the longer wavelength with a reduction of monomer fluorescence intensity similar to the response function of 2 for Na+. [9] To elucidate the observed response mechanism, the pH effect on the fluorescence behavior of 1 was examined. When the cyclam amines are protonated, the fluorescence intensity should be reduced by raising the solution pH due to photoinduced electron transfer (PET) from proton-dissociated amine to pyrene acceptor. [11] In case that proton dissociation of the carboxamide moiety took place by Zn2+ complexation, a similar ICT emission noted for 2 would be expected. The resultant pH effects are depicted in Fig. 3 . In the absence of Zn2+, there is no change in the fluorescent spectra of 1(points 1), indicating the absence of PET mechanism from the free cyclam amine to the pyrene acceptor under these pH conditions. It has already been reported that the structurally related cyclen amines have pKa of 2.2 from triprotonated species (H4L3+)to diprotonated form (H3L2+), and pKa' of 9.4 from H3L2+ 
Vol.14 Supplement (2003) to monoprotonated species (H2L+). [12] Thus the diprotonated form of 1 (H3L2+) should be the main species under the present pH conditions of 5-7. It is evident that a significant increase in monomer fluorescence intensity of 1 is observed with an increase in pH (points 2 in Fig. 3 ). This result demonstrates that the proton dissociation of carboxyamide moiety is taking place by forming Zn2+ complex. In fact, a clear bathochromic shift of UV-Vis absorption spectra for 1 is noted by addition of 1.0 mM Zn2+ at pH 6.7 (Fig. 4) . A possible interpretation of the different response behavior between 1 and 2 is due to the difference in their coordination structure for 1/Zn2+ and 2/Na+ complexes. Since Zn2+ is a soft cation, nitrogen anion of the carboxamide moiety interacts directly to Zn2+ inside the cyclam as shown in complex, which was confirmed by X-ray analysis. [12] For 2/Na+ complex, the oxygen anion coordination of the carboxamide unit is more probable due to the hard nature of Na+ cation. It is worth noting that the pyrenecarboxamide fluorophore has a dual emission mode for metal ion binding. 
Response sensitivity and selectivity
To determine the binding constant of 1 for Zn2+, the fluorescence intensity changes at pH 6 .7 upon addition of Zn2+ in 1 % 1,4-dioxane-99% water (v/v) are examined. With increasing Zn2+ concentration , the intensity of monomer emission increases monotonously. Figure 6 plots the fluorescence intensity (FI) at 378.5 nm as a function of Zn2+ concentration. Although the binding ability is strongly dependent on the pH condition, the apparent 1:1 binding constant (K) between the fluoroionophore (L) and the metal ion (M2+) under constant pH can be expressed by the following equations: reported for cyclam binding site, [13] the emission mechanism of 1 observed only for Zn2+ is noteworthy. [1] =1.0x10-6 M 0.01 M MES buffer (pH = 6.7, I= 0.1 adjusted by NaNO3), ƒÉex = 346.5nm.
